
AD

to REPORT NO. 2

PROCESS MODELING OF BIOLOGICAL WASTE TREATMENT

ANNUAL PROGRESS REPORT

D. M. Himmelblau

E. F. Gloyna

OCTOBER 10, 1970

Supported by

U.S. ARMY MEDICAL RESEARCH AND DEVELOPMENT COMMAND
Washington, D.C. 20315

Contract No. DADA 17-69-C-9073

The University of Texas J
Austin, Texas 78712 .-.

This document has been approved for public release and sale;
its distribution is unlimited.

The findings in this report are not to be construed as an
official Department of the Army position unless so designated
by other authorized documents.

Repoduced by

NATIONAL TECHNICAL
INFORMATION SERVICE

Springild, Va. 22151



AD_

PE ,CE 0CS _ M .E 7J T 3 .OL0,-ICAL WASTE TREAT MENT

iI;ixt i-vztRLSS REPORIT

B. : t-iLmelblau
E3. LV Cloyna

06':1eEL 0, 1970

Supported by

U.S. ARPY MEDICAl RESEARCH AND DEVELOPMENT COMMAND
Washington, D.C. 20315

Contractz No. DADA 17-69-C-9073

The i.U.niversity of Texas
musti., 'ie x 78712

This document has been approved for public release and sale;
its distribution is unlimited.

The findings in this repcrt are not to be construed as an
official Department of the Army position unless so designated
by other authorized documents.



S 1741 A RY

l',is report describes the work undertaken to represent and
IdJentify mt' t..a. models of biological waste treitment as
applied to a laboratory size(- aeration basin. Pulse inputs of
radioactive sodium--2h have been used to obtain residence time
distribution curves (impulse response curves) for the basin.
Various confIgurations of aerators indicated that even at high
air flow rates complete mixing may not take place, Individual
tanks and tanks in series were studied to evaluate some of the
limiting factors that exis. with respect to the use of popUsi-.
tLon balance models in rep.-esenting aeration basins.
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OEJCI1VL3A!ND SCC)FiF, OF INVESTIGATION

Improvement in tei prediction of waste purificatio- rat e;
requtres better mathematlcal models of such processest: we]t
-I better ',Jt. Tile puopoec of this inveC'tigdti.Lc ha- been to

tudy the mode Ling and identification of aerobic waste reatment
metnods, and to apply p3p ultion balance techniques o' p r ce-
rr..odeling tc labors tory scale equlipment in order to a-c. di
tneir repre.sentat-iveness.

EX PERIMENTA L RESULTS

1. Single Tank

The first four experiments were carried out in a small
aeration tank to simulate an activated sludge process, The
first three runs were made without the biomass present, while
the fourth experiment was carried out with the biomass present
to determine the effect: the biomass had on the degree of mixing,
Figure .. a typical. result.. shows the corrected gamma ray counts
per minute in the tank effluent stream as a function of time, (Tne

gamma ray counts are directly proportional to the respective tra-
cer concentrations, hence tnese figures represent concentration-
time plots.) Table I siummarizes the residence times and equi-
valent number of tanks for these four experiments, and provides
evidence that the performance of the aeration tank could, as
expected, be reasonably well determined using the tanks :.n
series model based on the assumption that the contents of the
tank are at all times completely mixed. The value for the equi-
valent number of tanks was calculated from the variance.

In the first four experiments the eqaivalent number of

well mixed tanks calculated from the variance showed that the

small aeration tank was well mixed (except for the .econd run)°
in Run 2 the high value for the equivalent nurber of tanks can
be attributed to the fact that the experiment was terminated
after only five vou, ez.ric residence times. The first experi-
ment was trAncated at approximately four times the mean resi--

dence time of 2o035 hours, resulting in an apparent mean resi-
dence time of 1.90 hours, an error of about fie percent. When
siulation was used to exterd the experiment t) nine residence
times by assuming 3 linear drop in concentration, the average
residence time was found to be 2,036 hours. Tie equivalent nam-
ber of well mixed tanks corresponding to the cut off of four
residence times was L.31. ,hereas for nlne residence t.nies the
value was 1.032, an. error Df 2]. Thus, the etimation of the
equivalent number of well mixed tanks from the variance is more
sensitive to the length of the data record than is the deter-
mtntior of the mean resiJence time, an observation made by
oth.ers. 'Thus, in or-der- to use the vari-ance a3 an accurate



TABLE I

EXPERIMENTAL RESULTS

RUN E ETANK EQUIVALENT-NO. MEAN RE$IDENCE ACTUAL EXPOL
NO. NO. OF TANKS TIME (hr) RESIDENCE ERROR

TIME (ha-)

2 1 1.320 -0.617 " 0.0014

_1 1.009 0.646 o.641 0.oi
4 1 0. 2,226 .2., 0.040

1 2 1-7 12.500 0.300
b61 1 2.107 17.5

1 1.283 5.47 4.152 0.100
7 1-+2 1.770 8.20 8.136 0.197

1+2+3 1.970 12.7 --12, I4 0.295- 1 0,97b " 7.44 4.054 0.098

8 1+2 1.205 8.39 8. 051 o.196
1+2+3 2.124 12.71 11.865 0.290

1 1,,if6 b 8.72
9 1+2 1.241 10.03

1+2+3 1 11 12.67 "
0 O.762 4.65

10 1+2 1.659 8.42
: 1+2+1 2.591 12.14

1 0.96 4.51
11 1+2 L.957 8.57

1 1+2+3 .3. 033 12.65
1 0.843 5.2b

12 1-2 1.685 9.31
1+2+3 2.532 12.14_
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measure of the equivalert number of tanks in a well mixed sys-
ten. the expe:r,-!men; muzs; be carri' ed out for several times the
volumetric res.dence time.

Figure 2 plots dimenstonless concentration versus
dimensionless time (2(0) versus 0) for, the first four experi-
ments. and indicates that the runs approximate the curve for
one well mixed tank at all levels of air and liquid rates
studied. Since experiment " (containing the biomass) also
falls on the curve' It was concluded that the presence of a
biological culture did nov. affect thre degree of mixing.

2. Experiments Simulating an Elongated Aeration Taiik

A large aeration tank was utilized to carry cut two
experiments simulating one elongated aeration tank with a
length to width to depth ratio of 6:2:1. Figure 3 shows the
output curves for a typical run. Table 1 summarizes the re-
suits of the c-a1cu:,ations for the large aeration tank for runs 5
and 6. The two runs were replicates carried out at the same
volumetric residence time without any aeration to determine
the degree of mixing tnat existed in the system when no air
was used. It was noted that there was a significant deviation
in the equivalent number of tanks and in the mean residence
times between the two runs. It was also noted that the peak
for run 5 occurred at the second hour while the peak for the
next experiment did not occur until the eighth hour. One
possible reason for the differences in the number of tanks and
the mean residence times for these two runs is that the tracer
for experiment 5 was injected with a syringe just below the
water level at the liquid inlet, while the tracer for run 6
was poured near the liquid inlet from a beaker. Since the
latter method of pouring from a beaker would not disrupt the
mixing patterns in the system at much as a pulse injection
from a syringe, the pouring method was used for the remaining
runs.

Figure 3 indicates rhat the experimental data did
not fit the theoretical. curve for the well mixed tanks in
series model. Since the data does not approximate the curve,
it was concluded that the elongated tank did not approach a
well mixed system when there was no agitation in the aeration
tank.

3. Experiments Simulating Tanks in Series

Six experiments were carried out in the large aeration
tank with configurations arranged so as to simulate one, two
and three tanks in series. Table 1 summarizes the results ob-
tained. Experiment 11 was carried out in the presence of a
biological dulture to reaffirm the conclusion reached using
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the small aeration tank that the biomass does not affect the
degree of mixing in the basin.

Flgures 4 and 3 illustrate typical experimenta3l data,
that for Run 8. Figure 14 shown that the theoretical cur've for
0.976 tanks fit the experimental data quite well. Figure 5
reveals that the theoretical cu'veL, for 1.20_6 and 2.124 tanks
in series fit the excerimental data for the second and third
tank except at the peak oC the cuncet-ration cuves. It was
concluded that wnen the system wa, well mix ed, the calculation
of the equivalent number of well mixed tanks could ue computed
reasonably well from the variance,

Figure 6 shows a dimensionless plot of concentration
as a function of time Cor the second tank in the series for
experiments 9, 10, and 12. The figure reveals that the second
tank fOr Run 9 more closely approached one well mixed tank,
while the data after the second tank for runs 10 and 12 approxi-
mate two well mied tanks in series.

4. Calculations from the Peak of the C(e) Curve

Murphy and Timpany andI others have suggested an alter-
native method for aeration tank design and analysis, namely
using the peak of the c(e) curve to estimate the dispersion
coefficient and the number of tanks in series. The values
obtained utilizing the peak of the C(H) curve did not agree
at all with the correct mean residence times or the dispersion
coefficients computed from the tanks in series model. It was
concluded that the use of the peak of the C(e) curve to calcu-
late the dispersion coefficient, mean residence time, and equi-
valent number of well mixed tanks was not satisfactory.

5. Conclusions

Luring the course of this investigation the following
conclusions were reached:

1. Since the presence of a biological culture does
not affect the degree of mixing in the system,
experiments may be undertaken in existing aero-
bic waste treatment installations.

2. Na24 may be used in an aerobic waste treatment
system as a tracer to estimate the empirical
parameters in the model employed because Na24
does not influence the physical parameters of
the fluid, does not undergo a chemical reaction,
and is detectable in low concentrations.

3. IJ' the system is well mixed, the experimental
runs are reproducible.



*o Calculation of the mean residence time, dispersion
ccefficient, and equivalent number of tanks can-
not be made from the peak of the C(G) curve.

5. If the experiment is carried ouc to at least six
times the volumetric residence time, the variance
may be used as an accurate approximation of the
equivalent number of well mixed tanks.

6. Plans for Future Work

Now that the mixing characteristics of the laboratory
aeration basin have 'been determined, the next step is to deter-
mind the kinetics of well mixed processes with the biomass
present. Depending upon the characteristics of the kinetic
models, it should be possible to develop analytical and/or
numerical methods to make predictions for, degree of conversion
of waste influent.

A
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FIGURE i

SMALL AERATION BASIN
40. BIOMASS PRESENT

HWATER RATE 1 61 cc/min.
N AIR RATE: 4600 co/mln.
U dO AVER. RESIDENCE TIME t 2.22 hr.

BACKGROUNDi 140 counts/rAin.
2,O VARIANCE 01,049

EQUIV. NO, OF TANKS: 0,953
SOLIDS (V56) 2000 mg/lIter

5 I

O 1 e 3 4 5 0 7 6 V IC II 12 I6
HOUR6 INTO RUN
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ARUN 2,

*RUN 3.
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A, i,! 'I "E 'T cc/ min..V. .RESIDENCE TIME: 17.55 hr.

, v' BACKGROUND : 138 counts/min.

- .I VARIANCE: 0.4745
2 "- EQUIV.NO OF TANKS; 2.107

0 " . EXPERIMENTAL

10" 2.107 TANKS

(Da Inet- ~ -O0utlet
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0
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110- FIGURE 14
FIRST TANK OF THREE

100- TANKS IN SERIES

90-

INLET--* oOUTLET

0

60 AIR RATE 6430C C/IN.

560-BACKGROUND- 140 COUNTS/MIN.
VARIANCE- L.024

Zso EQUIV. NOOF TANKS' 0.976
0

0

0.976 TANKS IN SERIES

30- EXPERIMENTAL

20-

101

0 5 10 15 20 25 30 35 40
HOURS INTO RUN



FIGURE
LAST TWO TANKS OF THREE TANKS IN SERIES

100 INLET OUTLET

90 WATER RATE' 59 CC/MIN.

0 [-. \AIR RATE' 6430 CC/MIN.

S AVER. RESIDENCE TIME,

AFTER TANK N*2 , 8.39 HRS.

70 AFTER TANK N*3 , 12-71 HRS.
0 o2 BACKGROUND'I40 COUNTS/M1N.

0.I '3 EQUIVALENT NOOF TANKS-

TANK No I, .976

50I TANK N*J2, .229
z

I TANK N*3' .9190

IEXPERIMENTAL

0 aoTANK 2-

I TANK 3

20 THEORETICAL

1.205 TANKS---

10 2.124 TANKS---

0 5 10 15 20 25 30 35 40
HOURS INTO RUN



FIGURE 6

SECOND TANK OF

ljo THREE TANKS IN SERIES

-,,-'ONE WELL MIXED TANK
.9

"e RUN 9

w RUN 10

.a a. RUN 12

.2-

0 ,5 t.o 1.5 20 2-3,
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